Bajc-Melfo(BM) two field (S, φ) superpotentials define metastable F-term supersymmetry breaking vacua suitable as hidden sectors for calculable and realistic unification models. The 
I. INTRODUCTION
Supersymmetry imposes remarkable restrictions on its own spontaneous violation and thus severely constrains models of BSM physics. Traditionally [2] [3] [4] [5] gravity mediation has been used to generate phenomenologically acceptable soft Susy breaking terms for globally supersymmetric GUTs. This requires supersymmetry breaking in a hidden sector with no superpotential couplings to the 'visible' sector in which we live. The GUT Minkowski space vacuum is metastable [4] in the sense of there being a Susy preserving vacuum with lower (negative) energy, but it is thought that it cannot decay to the lower vacuum by tunnelling; or at any rate the timescale for doing so is much larger than the age of the universe. The vacuum in the gravity mediated scenario is defined as the perturbation of a Global Susy preserving minimum by a hidden sector with a global minimum which breaks supersymmetry spontaneously due to specialized superpotentials(Polonyi,O'Raifeartaigh [6] etc) or due to strong dynamics(gaugino condensation etc). After long struggles to tame the hard problem of finding usable Susy breaking global minima it was re-emphasized [7, 8] that metastable i.e local minima could serve just as well as global minima, since the unifying theory would inevitably have vacua at lower energy [4] than the phenomenologically relevant Minkowski vacuum on which the MSSM lived, provided they were stable or long lived. This realization was liberating for phenomenologists because models defined on supersymmetry breaking vacua which are only local minima offer a much larger range of candidate vacua.
Various strongly coupled supersymmetric gauge theories [8, 9] were studied to provide the Susy breaking dynamics albeit now considering also metastable vacua. Unfortunately even the metastable dynamical Susy breaking models seem so arbitrarily elaborate as to rival the complexity of the phenomenological theory (GUT,MSSM etc) for which they were supposedly to provide the service of Supersymmetry breaking: making testability of both a moot issue.
Recently Bajc and Melfo (BM) [10] suggested that, from a 'calculable unification' viewpoint, it would be more interesting to consider Susy breaking metastable vacua of simple two field hidden sector superpotentials. BM models are related to the classic O'Raifeartaigh susy breaking superpotentials and are variants of a class of models with susy breaking local minima studied systematically earlier in [11] . Such superpotentials typically have flat directions and there is a longstanding vision whereby the determination of such flat directions(running out of susy breaking minima) by radiative corrections [12] or supergravity [13, 14] might profitably fix the undetermined vacuum expectation values(VEVs) at a high Unification scale.
Bajc and Melfo took up this challenge and formulated models where the undetermined VEVs were those of 24 or 75 irreps of an SU(5) unified theory and the flat directions were determined by radiative corrections. The use of of N=1 Supergravity potentials to lift the flat directions rolling out of the Bajc-Melfo Susy breaking local minimum seems not to have been explicitly analyzed.
From a Grand Unified viewpoint the only credible sign of flavour unification so far so far is third family Yukawa unification at large tan β in SO(10) at scales of order M X > 10
16 GeV.
On the other hand parameter counting minimal Supersymmetric SO(10) GUTs [15] [16] [17] [19] [20] [21] [22] [23] have been shown to be completely realistic and even to suppress d = 5 proton decay [25] by a novel and generic mechanism based on the necessary emergence of a pair of light doublet
Higgs in the effective MSSM. Motivated by these two clues we exploited the defining(i.e 126 )
representation of MSGUTs(which gets large vevs yet couples to matter fermions) to design a found in other fundamental theories [27] . Recall that the Polonyi problem arises due to late decay of the oscillations of the supersymmetry breaking Polonyi field while it settles into the zero temperature potential's minimum because of the suppression of its couplings by the Planck scale. The dark matter candidates' role in cosmogony also needs to be checked for consistency. In view of the new Yukawa and gauge interactions of the hidden sector the cosmological implications require a separate detailed study which should not prematurely prejudice the novel flavour generation aspects of our model. In this Letter we give the relevant details for the symmetry breaking, VEVs and masses in the BM sector for direct use in our 'yukawonification' [1] models. We will return to a study of cosmological constraints and alternative models elsewhere.
II. THE BAJC MELFO VACUA AND SUPERGRAVITY
The basic superpotential [10, 11] has the form
We have added a constant term W 0 for later convenience. It is then easy to see [10, 11] that besides the Susy preserving global minima at S s = φ s = 0 and
with zero vacuum energy, there is also a local minimum at < φ s >= −µ B /2λ B with < S s > undetermined provided
This local minimum breaks supersymmetry since < F S >= −µ 2 B /4λ B ≡ θ. Thus the chiral multiplet S s provides the Goldstino field and its partner scalar, whose VEV remains undetermined, is massless. When supersymmetry is made local by coupling the theory to gravity the goldstino can be gauged away by a local supersymmetry transformation leaving a massive gravitino while the scalar picks up the gravitino mass common to light scalars in gravity mediation.
The generic N = 1 supergravity potential [2, 3, 5] for scalar fields Z I interacting through a superpotential W (z I ) and with canonical Kahler potential
Fixing φ s at the vevφ s = −µ B /2λ B (vevs to leading order in m 3/2 are denoted by bars) determined byF φs = 0 and allowing for the presence of other background VEVsZ I (φ s , z i ) which preserve Susy(∂ z I W = 0) gives for the potential to be minimized
includes the contributions of all Susy preserving vevs (z i ) from the visible sector and the hidden sector(φ s ). W 0 includes the constant W 0 as well as the VEV of the visible sector superpotential due to the vevsz i . Defining dimension less variables
the potential becomes
The only stable minimum with respect to S s with zero energy i.e for(field subscripts denote partial derivatives) :
is achieved as
It is clear that the condition for a local minimum (2) is satisfied for
With the solutionsφ s ,z i these vevs specify a Minkowski vacuum, with the degeneracy in S s lifted, to leading order in m 3/2 κ ∼ 10 −13 . There is no immediate reason to compute next order shifts by perturbing around these vevs, but it is straightforward to do so iteratively.
The previously undetermined Susy breaking field S s has obtained a Planck scale VEV.
As usual in gravity mediated scenarios, the chiral fermion in the S multiplet is the global Susy breaking Goldstino that furnishes the longitudinal mode of the gravitino which gets the mass
Since this mass should be ∼ 10 3 −10 5 GeV in typical gravity mediated scenarios and typically
GeV, it is clear that W 0 must be used to cancel W GU T so that
The scale of supersymmetry breaking is fixed by the BM superpotential parameters : ). This completes the discussion of the N g = 1 case apart from working out the effective theory which will be of the usual supergravity type (Global Susy GUT derived MSSM plus soft Susy breaking terms).
It bears mention that radiative effects in such systems may be quite significant and have an important bearing on cosmological behaviour [28] . The loop corrected Kahler potential is available up to two loops [29] . We will return to the study of the vacuum and cosmological predictions in the theory with both gravity and radiative effects in a sequel. 
We wish to perturb around the metastable minimum defined by (2) and the global minimum equations (13) to fix the remaining undetermined non-singlet components ofŜ.
The D-term contributions to the supergravity potential are (assuming canonical Kahler potential and gauge Kinetic function are excellent approximations)
We assume that the GUT sector vevs -even though they carry O(N g ) representations-satisfy (13) to leading order in m 3/2 : as indeed one requires from any consistent GUT theory which should be defined by an isolated minimum of the globally supersymmetric potential. So the D-terms reduce to the global supersymmetry form since the extra terms involving the F-terms vanish (only the gauge singlet S s has F Ss = 0).
Assuming that the visible sector supersymmetry conditions are satisfied, the vanishing of the family symmetry D terms for the GUT sector vevs alone is by no means guaranteed.
The O(N g ) D terms have the form
where D a X is the contribution of the visible sector fields, and T a , T a the generators of O(N g ) in the fundamental and generic representations.
Since we wish to use a flat direction of the hidden sector superpotential to cancel the contribution D a X of the visible sector we consider the situation where φ s , S s become the trace modes of O(N g ) symmetric representations φ ab , S ab so that the BM superpotential becomes
Generically A. Determination of S ± when N g = 2
For N g = 2 it is convenient to use the isomorphism O(2) ≃ U(1) and define
and similarly for φ = [φ ab ] where S ± , S s are properly normalized fields so that T rS
s S s and T rSφ = S s φ s + S (+ φ −) . In this notation an O(2) vector ψ a has charges ±1/2 : ψ ±1/2 = (ψ 1 ± iψ 2 )/ √ 2. The superpotential becomes
and it is easy to check thatφ s = −µ B /2λ B ,φ ± = 0 solves the F -term conditions for W H (all F -terms vanish except that ∂ Ss W = θ as before). The fields S s,± remain undetermined at this local minimum and the superpotential reduces to the one for N g = 1 when the fields that are determined are equated to their values at the local minimum.
The calculation for the singlet goes through unchanged fixing S s ∼ M p as in (8) With these vevs and due to the lack of any other mass term for S ± it is easy to check that the fermionic component of S −x mixes due to the family symmetry breaking vevs from the visible sector to provide a partner Λ for the U(1) f gaugino in a Dirac mass
However due to the absence of other mixing terms for S ±s the orthogonal combinationχ and S x remain massless at leading order. Herẽ
does not mix with the remaining massive modes since it is made of (SM neutral) zero modes S −x , Λ of the chiral mass matrices in the hidden and visible sectors respectively. Shifts due to supergravity are too small to shift the masses m S + φ − = m φ + S − = µ B + 2λφ s = 0 appreciably.
So the leading contributions come from loop effects(see Fig.1 ) (analogous to the one loop corrections to neutrino masses induced by soft susy breaking [30] ) and have value
Thus these masses may be as small as a few GeV even for large gravitino mass. Due to their weak interactions with light modes they may be suitable candidates for light Cold Dark matter. The scalar partners have masses
LikeS −x the hidden sector Goldstone scalar component Im[S −x ] will again lead to a nearly massless mode since it too will mix with the O(2) Goldstone contributions from the visible sector and hence the orthogonal mode (partner of the pseudo-Goldstinoχ) will be massless before loop effects. The scalar pseudo-Goldstone mode χ which remains massless even after symmetry breaking due to doubling of goldstone modes can also obtain loop induced mass from the partner of the graph shown for the fermions, but it will remain light. This is because the supersymmetry breaking F term couples to other particles through φ ab propagators whose
FIG. 1: Diagram for fermionic mass mS
large masses λ B < S s >∼ M X ensure that the effect of one loop corrections is a power of
Consider the masses of the superfieldsφ ab . The fermions do not couple directly to the Susy violating F-term. Since there is no residual gauge group the chiral mass matrix is just
One easily checks that W SS = W Sφ = 0 and it is only W φφ that gives a symmetric 3 × 3 chiral mass matrix with rows and columns labelled by {φ s , φ + , φ − } :
where For N g = 3 we define the components of S ab in terms of T 3 eigenfields to be 
and similarly for φ = [φ ab ]. S s,0,±,±2 are properly normalized fields so that
When N g = 3 the D-terms form a vector of O(3) and it is advantageous to change to a basis(denoted by primes) whereD ′ a X = δ a 3 |D X |. This is easily achieved by a rotation in the 12 plane to rotate theD a X -vector into the 23 plane and then a 23 plane rotation to make it point in the 3 direction :
where V a =D a X . The potential for the flat directions fromŜ ′ is now
In the above-since we are working in the primed basis-we have exhibited only the Goldstone longitudinal component of the O(3) gauge boson in the 3 direction which comes from the field S −2 : of course all three O(N g ) massive gauge bosons will get longitudinal mode contributions from the visible sector (which we assume breaks the family symmetry completely). Since only a linear combination of I −2 and a visible sector massless mode will be eaten, we would again expect the orthogonal combination to remain massless.
As for the N g = 2 case fermionic partners of theŜ particles (except S −2 but even so the analog ofχ will remain light via the mechanism explained for the N g = 2 case) do not get mass to leading order. The Dirac partners of the family symmetry gauginos in the primed basis are :
As before the fermion mode orthogonal to Λ 3 will remain massless along with S 0,±,2 . Now we will have five light fermionic and one scalar degree of freedom lighter than the gravitino mass and with very weak couplings to ordinary matter. Again they will pick up mass at one loop due to supersymmetry breaking and will remain as the fossils of flavour and super symmetry breaking. Thus they are either candidates for multicomponent relic Dark matter or must be removed somehow. This calculation proceeds largely like that in [5] but care must be taken due to the additional gauge invariance active in both hidden and gauge sectors. The structure used entails yet further stringent constraints since the moduli multipletŝ S ab entail the existence of N g (N g + 1)/2 − 1 SM singlet fermions generically lighter than the gravitino mass scale and possibly as light as a few GeV. In addition the Polonyi mode S s may also lead to difficulties in the cosmological scenario. Thus such modes can be both a boon and a curse for familion GUT models. A boon because generic Susy GUT models are hard put if asked to provide Susy WIMPs of mass below 100 GeV as CDM candidates as suggested by the DAMA/LIBRA experiment [26] . A curse because there are strong constraints on the existence of such light moduli which normally demand that their mass be rather large (> 10 TeV) due to the robust cosmological('Polonyi') problems due to decoupled modes with Planck scale vevs [27] . In contrast to the simple Polonyi model and String moduli, the BM moduli have explicit couplings to light fields through family D-term mixing and loops. Moreover the MSGUT scenario favours [23, 25] large gravitino masses > 10 − 50 TeV. Thus the Polonyi and moduli problems may be evaded. In any case the cosmology need be considered seriously only after we have shown that the fermion spectrum is indeed generated.
